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Introduction 



ABSTRACT 

Objective: Epicardial adipose tissue thickness (EATT) is suggested as 
a new cardiometabolic risk factor. Carotid intima-media thickness (IMT) 
is a potential indicator of subclinical atherosclerosis in patients with 
metabolic syndrome (MS). We investigated the association of EATT with 
carotid IMT and cardiac functional changes in obese adolescents with 
MS. 

Methods: One hundred thirty-eight obese adolescents and 63 lean 
subjects were enrolled in the study. The obese subjects were divided into 
two subgroups based on the presence or absence of MS (MS group and 
non-MS group). All subjects underwent transthoracic echocardiographic 
examination for determination of left ventricular (LV) function, LV mass 
index (LVMI), and myocardial performance index (MPI). EATT and carotid 
IMT were also measured during echocardiography. 

Results: The average LVMI measurements were higher in both MS 
and non-MS obese patients in comparison with the lean children. The 
MS group had significantly higher LVMI measurements than the non- 
MS and lean groups (88.5±23.0, 67.5±24.8 g/m 2 , and 62.4+18.2 g/m 2 , 
respectively; p<0.01). Carotid IMT was higher in both the MS and non- 
MS obese patients in comparison with the lean group. The MS group 
had significantly higher carotid IMT measurements than the non-MS 
and lean groups (0.91 ±0.23, 0.78+0.18, and 0.52±0.08 mm, respectively; 
p<0.01). The EATT was also increased significantly in patients with MS 
compared to lean adolescents (7.42±1 .55 vs. 4.28±0.79mm; p=0.001). 
EATT was positively correlated with body mass index-SDS, waist 
circumference, fasting glucose, insulin, homeostasis model assessment- 
insulin resistance, triglyceride levels, LV thickness, LVMI, and MPI in the 



Metabolic syndrome (MS) is defined as a combination of 
abdominal obesity, hypertension, dyslipidemia [high triglyceride 
(TG)and low and high-density lipoprotein (LDLand HDL) levels], 
and insulin resistance (IR) or impaired glucose tolerance. MS is 
not a disease of adults only but also has increasingly become 
a threat for children and adolescents. It is recognized, usually 
at ages fo llowing onset of puberty, by establishing presence 
of IR (1,2). 

Patients with MS are at increased risk of cardiovascular 
disease (CVD). Subclinical atherosclerosis develops years 
before the clinical manifestations of CVD and therefore the 
identification of predictors of premature atherosclerosis is 
crucial. Carotid intima-media thickness (IMT) is an established 
surrogate marker of subclinical atherosclerosis in patients with 
MS (3,4,5). Ectopic fat is an important predictor of metabolic 
disease and CVD, carrying more risk than does general fat 
accumulation (6). 

The epicardial adipose tissue thickness (EATT) represents 
cardiac and visceral adiposity, and it has been suggested as 
a new cardiometabolic risk factor (6). The epicardial adipose 
tissue is in direct contact with the myocardium, and it is 
highly active metabolically. The epicardial adipocytes can 
secrete a large number of cytokines and vasoactive peptides, 
including free fatty acids, interleukin-6, TNF-a, angiotensin 
II, and plasminogen activator inhibitor (7). All of these 
molecules can increase cardiovascular risk. Therefore, obese 
patients with MS should be monitored closely by measuring 
echocardiographic EATT Although EATT has been related to 
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MS obese group. EATT was the only independent predictor of carotid IMT 
in the multivariate analysis ((5= 0.69, p<0.001 ). 

Conclusion: The findings of the present study demonstrate a close 
relationship of EATT with carotid IMT and early cardiac dysfunction in 
obese adolescents with MS. Assessment of EATT and carotid IMT in 
routine echocardiographic examinations is suggested as a feasible and 
reliable method for the evaluation of obesity with MS and its related 
cardiovascular risks in children and adolescents. 
Key words: Metabolic syndrome, epicardial adipose, tissue, carotid 
intima-media thickness 
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IR, hypertension, and dyslipidemia, the association between 
EATT and certain surrogate markers of atherosclerosis such 
as carotid IMT is unclear (6,8,9). 

MS has also been associated with left ventricular 
(LV) hypertrophy, LV diastolic dysfunction, and myocardial 
dysfunction (10). Voulgari et al (11) reported higher LV 
myocardial performance index (MPI) values in MS patients 
compared to normal subjects, indicating depressed 
ventricular functions. However, no data are available for obese 
adolescents with MS on the relationship of EATT with LV 
mass index (LVMI) and MPI. 

In this study, we sought to examine the relationship of 
EATT with cardiac structural/functional changes and carotid 
IMT as observed by echocardiography. We also investigated 
the association of EATT with conventional metabolic and 
cardiovascular risk factors in obese adolescents with MS. 

Methods 

This study was conducted between September 2011 and 
November 2012 on patients presenting with the complaint of 
obesity to the Pediatric Endocrinology Department of the Sisli 
Etfal Education and Research Hospital in Istanbul. The study 
group included 138 (66 girls and 72 boys) obese pubertal 
adolescents aged between 9 and 18 years. Mean age was 
13.4±3.69 years in the girls and 13.6±3.76 years in the boys. 
The control group consisted of 63 age-and sex-matched lean 
adolescents who were selected from cases referred for cardiac 
murmurs to the hospital but who were shown to have only 
innocent murmurs. The mean age of this group was 13.3±4.3 
years (range: 9-18 years). Presence of anemia, type 1 or type 
2 diabetes mellitus or other endocrinological disease, familial 
dyslipidemia or other chronic condition, psychiatric illness, or 
receiving medications known to effect insulin action or insulin 
secretion were reasons for exclusion from the study. 

The diagnosis of MS was made according to the 
International Diabetes Federation (IDF) criteria. The IDF 
definition of MS for children aged 10 years or older includes 
a body mass index (BMI) > 90 th percentile for age and sex 
and presence of two or more of the following findings: (1 ) TG 



>150 mg/dL; (2) HDL-cholesterol (HDL-Cho) <40 mg/dL; (3) 
systolic blood pressure >1 30 mmHg, diastolic blood pressure 
>85 mmHg; and (4) plasma glucose >5.6 mmol/L or >1 00 
mg/dL or known type 2 diabetes (2). 

The study was conducted in accordance with the 
guidelines proposed in the Helsinki Declaration and was 
approved by the Sisli Etfal Education and Research Hospital 
Ethics Committee on 19 July 2011. An informed consent 
form was obtained from the patients or the legal guardians. 

Height and weight were measured in all subjects with 
an empty bladder in postabsorptive conditions. Height was 
measured to the nearest 0.5 cm using a standard height 
board, and weight was determined to the nearest 0.1 kg on 
a standard physician's beam scale with the subject dressed 
only in light underwear without shoes. BMI was calculated by 
the weight (kg)/height (m 2 ) formula. To compare BMI across 
different ages and in both boys and girls, BMI values were 
expressed as standard deviation scores (BMI-SDS). BMI-SDS 
was calculated using the Lambda, Mu, Sigma method, as 
described by Cole et al (12). Waist circumference (WC) was 
measured at the end of expiration between the midpoint of 
the last rib and superior iliac crest, using a non-stretch tape 
measure (13). 

Pubertal development stage was assessed by the same 
pediatric endocrinologist according to Tanner criteria. Sexual 
maturation level was >2 in all patients (Tanner stages ll-IV). 

Blood pressure was measured by a mercury 
sphygmomanometer of appropriate size for age, following 
a minimum rest period of 10 minutes. The normal values 
for children established by the National High Blood Pressure 
Education Program Working Group were used as a reference 
to evaluate blood pressure measurements (14). A blood 
pressure value of >95 th percentile for age, sex, and height 
was accepted as hypertension. 

Laboratory Analyses 

Blood samples were obtained in the morning after an 
overnight fast in all patients for determination of glucose, insulin, 
lipid profile [TG, total cholesterol (T-Cho), HDL-Cho, LDL-Cho, 
very-LDL-Cho (VLDL-Cho)], and high-sensitivity C-reactive 
protein (hs-CRP). The glucose oxidase method was used in 
the determination of blood glucose levels. Insulin levels were 
measured using a radioimmunoassay kit (Immunotech kit). 
Serum lipid profile was measured using a modular analytical 
system (Roche/Hitachi). Serum hs-CRP was determined using 
particle-enhanced immunoturbidimetry with latex microparticles 
sensitized with duck anti-CRP Immunoglobulin Y 

IR was analyzed using the homeostasis model 
assessment (HOMA-IR) based on the following formula: 
[fasting insulin (mlU/L) x fasting glucose (mmol/L)] /22.5. A 
HOMA-IR value greater than 3.16 was used to determine IR 
in pubertal patients (15,16). 

Echocardiographic Evaluation 

Transthoracic echocardiographic examinations were 
performed by one experienced pediatric cardiologist in all 
patients. Echocardiographic measurements were performed 
with a ViVid 7 Pro (GE Vingmed Ultrasound, Horten Norway). 
An electrocardiogram was taken from all subjects. The 
patients were studied without sedation while they were lying 
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in the left lateral position. 3-MHz transducers were used in 
all echocardiographic studies. All possible echocardiographic 
windows obtained from the different Doppler devices such 
as two-dimensional, colored, pulsed-wave, continuous-wave, 
and pulsed-wave tissue were analyzed for the subjects lying 
supine or in the left lateral semi-recumbent position. LV 
systolic functions and LVMI were assessed using M-mode 
and 2D, whereas myocardial tissue rates and MPI were 
studied using tissue Doppler methods. 

Conventional echocardiography measurements were 
performed according to the recommendations of the 
American Society of Echocardiography (1 7). The LV mass and 
the LVMI were calculated by using the method of Woythaler 
and his colleagues, which is also a modification of the method 
of Devereux and Reichek (18). According to this calculation, 
LV mass is 1 .04 [(LV diameter at end diastole + end-diastolic 
interventricular septum thickness - LV posterior wall thickness 
at end-diastole) 3 - (LV diameter at end diastole) 3 - 13.6)], and 
LVMI is the LV mass/body surface area. 

Pulsed-Wave Tissue Doppler Imaging 

Pulsed Doppler and tissue Doppler were performed using 
a 3-MHz transducer. We measured early (E) and atrial (A) 
transmittal maximal flow velocities by pulsed-wave Doppler. 



Then, we calculated the ratio E/A. Early (E') and late (A') 
diastolic peak velocities were measured. The ratio of early 
and late diastolic annular velocities was calculated. Cardiac 
time intervals - isovolumic contraction time, isovolumic 
relaxation time, and systolic ejection time - were measured. 
Tissue Doppler derived by MPI was calculated as (isovolumic 
contraction time + isovolemic relaxation time)/systolic 
ejection time. E' wave acceleration and deceleration times 
were also measured. 

Epicardial Adipose Tissue Thickness Measurements 
The thickness of the epicardial adipose tissue was 
measured from the right ventricular free wall in the 
parasternal long axis view. The epicardial adipose tissue was 
identified as an echo-free space in the pericardial layers on 
the two-dimensional echocardiography, and its thickness 
was measured perpendicularly on the free wall of the right 
ventricle at end diastole (19,20). 

Carotid Intima-Media Thickness Measurements 
Carotid IMT was measured, using a 7-MHz probe, 
from the common carotid artery at a point 5 mm proximal 
to its bifurcation, as often preferred in the literature (21). 
The transducer was placed perpendicular to the common 
carotid artery, and its long axis was adjusted parallel to the 



Table 1 . Characteristics of the lean and obese subjects with and without metabolic syndrome (MS) 




Lean Subjects 
(n=63) 


Obese Subjects 
(n=138) 








Without MS 


With MS 






(n=94) 


(n=44) 


Age (years) 


13.3+4.3 


13.9+3.7 


13.3+4.1 


BMI(kg/m 2 ) 


20.1+1.3 


34.9±9.3* 


38.4±4.0*<* 


BMI-SDS 


1.2+0.2 


2.3±0.2 


2.6±0.2'* 


Waist circumference (cm) 


67.0±5.8 


103.7±8.7* 


113.3+12.2** 


Hip circumference (cm) 


91.0+7.B 


112.4+7.5* 


125.3+1 1.1** 


Fasting glucose (mg/dL) 


84.5±10.3 


91.1±8.3* 


99.6±9.2** 


Fasting insulin (mlU/mL) 


10.9+2.5 


1 6.6+9.2* 


26.8+12.5*-* 


HOMA-IR 


2.2±0.6 


3.9±2.9* 


6.7+3.7*' 


HDL-C (mg/dL) 


48.2±16.8 


45.1±11.2 


35.3+10.3*-* 


LDL-C (mg/dL) 


80.4±29.2 


1 10.1+142.5* 


130.8±25.3** 


Triglycerides (mg/dL) 


144.5±37.3 


1 1 2.8+52.0* 


151.7+59.9*-* 


Total cholesterol (mg/dL) 


164.1+36.2 


168.9+35.7 


194.4±35.0** 


High-sensitivity CRP (mg/L) 


1.7±0.8 


1.9+1.1* 


2.7±1.0** 


Systolic blood pressure (mm Hg) 


105.2+11.7 


130.0+13.3* 


149.0±26.5** 


Diastolic blood pressure(mm Hg) 


71.8+7.0 


83.0+10.3* 


96.9111.8** 


Left ventricular mass index (g/m 2 ) 


62.4+18.2 


67.5±34.8* 


88.5+23.0*-* 


Carotid intima-media thickness (mm) 


0.52±0.08 


0.78+0.18* 


0.91 ±0.23** 


Epicardial adipose tissue thickness (mm) 


4.28±0.79 


6.42+1 .55* 


7.38+1.76*-* 


Values are expressed as mean±SD 

*p<0.05 Obese subjects without MS vs. obese with MS 

*p<0.05 Lean subjects vs. obese without MS 

*p <0.05 Lean subjects vs. obese with MS 

BMI: body mass index, SDS: standard deviation score, HOMA-IR: homeostasis model assessment of insulin resistance, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density 
lipoprotein cholesterol, CRP: C-reactive protein, MS: metabolic syndrome 
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Table 2. Tissue Doppler echocardiography measurements in the lean subjects and in the non- metabolic syndrome (MS) and MS obese subjects 




Lean Subjects 




Obese Subjects 






(n=63) 




( n=1 38) 








Without MS (n-44) 

II IMIUUl IVIO \ll — J*t/ 




With MS 
(n=44) 


Diastolic early wave peak velocity (cm/s)(E'| 


17.8+2.9 


16.8+2.2 




16.9±3.4 f 


Diastolic late wave peak velocity (cm/s) (A') 


6.5+1.3 


7.9+1.5* 




7.7±1.9 f 


E'/A' 


2.8±0.7 


2.6±0.6* 




2.4±0.9 f 


Isovolumic contraction time (min) 


cc n l i n n 
Db.U±lU.U 


b/.9±9.J 




/J.9±lU.U ' 


Isovolumic relaxation time (min) 


49.1 ±8.3 


51 .7+8.3 




54.9+1 0.6 f * 


Myocardial performance index 


0.4±0.1 


0.41 ±0.2 




o.5±o.r<* 


Ejection time (min) 


267.0±28.4 


288.1 ±28.3 




276.8±27.8 


Acceleration time (min) 


49.2±8.7 


51.5+8.5 




51.9±7.9 f 


Deceleration time (min) 


74.3±9.6 


73.7±10.8 




65.9±6.8 t -* 


Values are expressed as mean ±SD 










*p<0.05 Obese subjects without MS vs. obese with MS 










*p<0.05 Leans subjects vs. obese without MS 










tp<0.05 Lean subjects vs. obese with MS 











flow direction. Images obtained from the anterior wall were 
magnified threefold, and measurements were made with an 
electronic caliper. The measurements from three consecutive 
beats were averaged and recorded as the carotid IMT (22). 
Statistical Analysis 

A commercially available statistical package (SPSS for 
Windows Version 19.0; SPSS, Inc., Chicago, IL, USA) was 
used in the statistical analysis. Mean values were calculated 
for continuous variables. Absolute and relative frequencies 
were calculated for discrete variables. Univariate comparisons 
of continuous data were carried out with the use of unpaired 
student t-tests, and discrete variables were compared 
with chi-square test or Fisher's exact test. The relationship 
between EATT and the other variables was assessed by 
using Pearson correlation analysis. Variables with a p-value 
of <0.05 on correlation analysis were entered in multivariate 
stepwise regression analysis with backward elimination. All 
comparisons were two sided and p<0.05 was considered to 
be significant. 

Results 

The characteristics of the study population are shown in 
Table 1 . The obese adolescents were divided into two groups 
based on the presence or absence of MS, and 44 (31.8%) 
were found to show the criteria for MS diagnosis. The lean, 
non-MS and MS groups did not differ significantly in terms 
of age (13.3±4.3, 13.9+3.7, 13.3+4.1 year, respectively; 
p>0.05). However, the groups differed significantly in terms 
of BMI (20.1 ±1.3, 34.9±9.3, 38.4±4.0 kg/m 2 , respectively; 
p=0.001). The groups did not differ significantly with regard 
to heart rate (79±5 vs. 78±7 beats/min; p>0.05) or average 
hemoglobin value (13.1 ±1.04 vs. 12.9+1.1 g/dL; p>0.05). 



The obese group with MS had significantly higher systolic 
and diastolic blood pressure values than the non-MS and 
the lean groups (p=0.0018). The MS obese group also had 
significantly higher T-Cho, TG, LDL-Cho, fasting glucose, 
insulin levels, and HOMA-IR than the non-MS obese and the 
lean groups, whereas HDL-Cho levels were lower in the MS 
obese group when compared to the non-MS and lean groups. 
BMI, BMI-SDS, WC, systolic and diastolic blood pressure 
values were significantly higher in the non-MS obese group 
when compared to the lean subjects. T-Cho, TG, LDL-Cho, 
fasting glucose and insulin levels were also significantly 
higher in the non-MS obese group when compared to leans, 
whereas HDL-Cho levels were lower in the non-MS obese 
group when compared to lean subjects. The lean group had 
lower HOMA-IR values than the both non-MS and MS obese 
groups. 

Moreover, the MS obese group had significantly higher 
carotid IMT (0.91 ±0.23 vs. 0.78±0.18 vs. 0.52±0.08 mm), 
LVMI (88.5±23.0 vs. 67.5±34.8 vs. 62.4±18.2 g/m 2 ), MPI 
(0.5+0.1 vs. 0.41 ±0.2 vs. 0.4±0.1), and EATT (7.38±1 .76 vs. 
6.42±1.55 vs. 4.28±0.79 mm) values as compared to the 
both non-MS and lean groups (Tables 1,2). 

The mitral valve pulsed-wave Doppler analyses showed 
a statistically significant difference between the lean and 
MS groups in terms of diastolic early wave peak velocity 
(E'), diastolic late wave peak velocity (A'), (E'/A'), isovolumic 
relaxation time, isovolumic contraction values, average MPI, 
acceleration time and average deceleration time. The average 
isovolumic contraction values, isovolumic relaxation time, 
average MPI, and average deceleration time were greater in 
MS obese group than in non-MS obese group (p<0.05). The 
results of the tissue Doppler imaging studies from the mitral 
annulus for the three groups are also summarized in Table 2. 
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Table 3. Pearson's correlation coefficient between epicardial adipose tissue thickness (EATT) and metabolic/ echocardiographic parameters in the 
obese non- metabolic syndrome (MS) and MS subjects 


Obese Subjects 




Without MS 


With MS 








n 
r 


r 


p 


Body composition 










BMI 


0.245 


0.039 


0.369 


0.003 


BMISDS 


0.488 


<0.0001 


0.786 


<0.0001 


Waist circumference 


0.459 


<0.0001 


0.647 


<0.0001 


Hip circumference 


0.556 


<0.0001 


0.619 


<0.0001 


Metabolic factors 










Fastinq qlucose 


0.319 


0.004 


0.579 


<0.0001 


Fasting insulin 


0.113 


NS 


0.633 


<0.0001 


HOMA-IR 


0.119 


NS 


0.679 


<0.0001 


HDL-cholesterol 


-0.011 


NS 


-0.333 


0.002 


LDL-cholesterol 


0.104 


NS 


0.109 


NS 


Triglyceride 


0.189 


0.02 


0.512 


<0.0001 


Total cholesterol 


0.059 


NS 


0.088 


NS 


Hiqh-sensitivity CRP 


0.066 


NS 


0.049 


NS 


Hemodynamic factors 










Systolic blood pressure 


0.127 


NS 


0.239 


0.04 


Diastolic blood pressure 


0.382 


0.001 


0.399 


0.001 


Heart rate 


0.091 


NS 


0.022 


NS 


Left ventricular thickness 










IVSs 


0.144 


NS 


0.124 


NS 


IVSd 


0.188 


NS 


0.156 


NS 


LVPWs 


0.200 


NS 


0.482 


<0.0001 


LWPWd 


0.116 


NS 


0.712 


<0.0001 


LVPWt 


0.168 


NS 


0.159 


NS 


LVMI 


0.193 


NS 


0.357 


<0.0001 


Left ventricular systolic function 










Ejection fraction 


0.029 


NS 


0.220 


0.031 


Fractional shortening 


0.342 


0.0019 


0.329 


0.002 


Left ventricular diastolic function 










Diastolic early wave peak velocity (E'| 


0.034 


NS 


0.033 


NS 


Diastolic late wave peak velocity (A') 


0.019 


NS 


0.023 


NS 


E'/A' 


0.033 


NS 


0.030 


NS 


Acceleration time 


0.152 


NS 


0.239 


0.045 


Deceleration time 


0.068 


NS 


0.079 


NS 


Left ventricular systolic and diastolic function 










Myocardial performance index 


0.033 


NS 


0.298 


0.039 


BMI: body mass index, SDS: standard deviation score, HOMA-IR: homeostasis model assessment of insulin resistance, HDL-cholesterol: high-density lipoprotein cholesterol, 
LDL-cholesterol: low-density lipoprotein cholesterol, CRP: C-reactive protein, IVSs: interventricular septum systolic thickness, IVSd: interventricular septum diastolic thickness, 
LVPWs: left ventricular posterior wall systolic thickness, LVPWd: left ventricular posterior wall diastolic thickness, LVPWt: left ventricular posterior wall thickness, 
LVMI: left ventricular mass index, NS: not significant 
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EATT (p=0.002, r=0.31) significantly correlated with 
carotid IMT in the MS group. Table 3 shows the correlation 
of carotid IMT with other clinical variables. The multivariate 
backward stepwise regression analysis demonstrated that 
EATT is the only independent predictor of carotid IMT in 
obese patients with MS (standardized f> coefficients. 65, 
p<0.001). Standardized (5 coefficient and p-value were 0.04 
and 0.71 for BMI-SDS, 0.03 and 0.83 for WC, 0.19 and 0.39 
for fasting glucose level, 0.10 and 0.29 for insulin level, 0.15 
and 0.19 for HOMA-IR, 0.01 and 0.89 for systolic blood 
pressure, 0.07 and 0.51 for diastolic blood pressure, 0.05 
and 0.77 for LV posterior wall diastolic thickness, 0.08 and 
0.53 for LV posterior wall systolic thickness, 0.1 8 and 0.33 for 
LVMI, and 0.1 1 and 0.28 for MPI (Table 4). 

Discussion 

In the current study, we demonstrated the presence 
of asymptomatic cardiac dysfunction and an increased 
echocardiographic EATT and carotid IMT measurements in 
obese adolescents having MS. We also found that obese 
adolescents with MS had greater LVMI, carotid IMT, EATX 
and MPI measurements as compared to both healthy 
lean adolescents and non-MS obese subjects. In obese 
adolescents with MS, EATT significantly correlated with 



Table 4. Independent predictors for epicardial adipose tissue thickness 
(EATT) by multivariate backward stepwise regression analysis in 
metabolic syndrome (MS) obese cases 





Beta-regression 
coefficient 


p-value 


BMI-SDS 


0.04 


0.71 


WC 


0.03 


0.83 


FG 


0.19 


0.39 


Insulin 


0.10 


0.29 


HOMA-IR 


0.15 


0.19 


Triglyceride 


0.16 


0.20 


SBP 


0.01 


0.89 


DBP 


0.07 


0.51 


LVPWd 


0.05 


0.77 


LVPWs 


0.08 


0.53 


LVMI 


0.18 


0.33 


MPI 


0.11 


0.28 


Carotid IMT 


0.65 


<0.001 



BMI-SDS: body mass index standard deviation score, WC: waist circumference, 
FG: fasting glucose, HOMA-IR: homeostasis model assessment of insulin resistance, 
SBP: systolic blood pressure, DBP: diastolic blood pressure, LVPWs: left ventricular 
posterior wall systolic thickness, LVPWd: left ventricular posterior wall diastolic 
thickness, LVMI: left ventricular mass index, MPI: myocardial performance index, 
IMT: intima-media thickness 



metabolic and cardiac parameters such as BMI, WC, fasting 
insulin, IR, TG levels, hypertension, LV thickness, LVMI, MPI 
and carotid IMT 

Abdominal fat accumulation is associated with adverse 
cardiovascular and metabolic consequences not only in adults 
butalso in children and adolescents, as many pro-inflammatory 
cytokines are predominantly secreted from visceral adipose 
tissue. Abdominal fat is considered to be a better predictor 
of cardiovascular risk than BMI. Visceral obesity is most 
commonly determined in children by the measurement of WC 
and by plotting it on age and gender specific charts (23). In 
our study, we found a positive correlation between epicardial 
fat and WC in obese adolescents. This suggests that also in 
adolescents, epicardial fat can be used as an easy, accurate 
and inexpensive method for evaluation of visceral fat. 

We also observed a high correlation between BMI-SDS 
and EATT Our findings were similar to those reported by 
Abaci et al (24). Increased thickness of epicardial tissue was 
also reported in growth hormone-deficient adolescents who 
had increased BMI and WC values (25). Mazur et al (26) 
reported a close relationship of EATT with BMI and WC in 
obese children. We did not find other publications on EATT 
in children in the available literature, and data on such a 
correlation in adults are not consistent. 

In our MS subjects, there was a statistically significant 
relationship between epicardial fat and IR as measured by 
HOMA index. This is in accordance with the results of Abaci 
et al (24) who reported a correlation between EATT and 
parameters of lipid and glucose metabolism. These authors 
suggested that a 4.1-mm cut-off value for EATT might be used 
as a simple screening method predicting IR in obese children. 

MS represents a cluster of risk factors associated with an 
increased risk of life-threatening metabolic and cardiovascular 
complications of obesity. Ahn et al (27) showed that average 
EATT was higher in patients with unstable ischemic heart 
disease. This finding can be due to the fact that epicardial fat 
can be a source of inflammation, which might increase the 
risk of cardiac ischemia. Unlike the results reported by Mazur 
et al (26), in our study, we found a significant difference in 
EATT between obese children with and without MS. We were 
not able to find other comparable studies in obese children 
with MS, but in adults. Okyay et al (28) reported a close 
relationship between EATT and MS. In that study, a cut-off 
point of 4.35 mm determined MS with 61 .7% sensitivity and 
79.2% specificity. Ahn et al (27) demonstrated that patients 
with MS had thicker EATT than those without it. The thickness 
increased with an increasing number of components of MS. 
In another study, adults with IR and low adiponectin levels 
had the highest EATT values, independently of BMI (29). 
These data showed that in adults, epicardial fat might be used 
as a marker of visceral obesity, of IR and MS. 

In our study, we found that echocardiographic EATT 
closely correlated with carotid IMT in patients with MS. This 
association was more peculiar than the other risk factors 
including WC in these patients. Therefore, we hypothesize 
that echocardiographic EATT might be a better indicator 
of premature atherosclerosis than WC in patients with 
MS. As such, MS patients with increased EATT on routine 
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echocardiograms should be further evaluated for the 
presence of CVD. Indeed, EATT reflects visceral fat tissue and 
obesity and has been suggested as a new cardiometabolic 
risk factor (7,8,9). Aydin et al (30) have demonstrated that 
EATT indicated endothelial dysfunction in patients with MS. 
Natale et al (31) found that EATT also reflected the carotid 
artery stiffness in patients with hypertension. Moreover, in 
recent studies, EATT is reported to be a marker for presence 
and severity of coronary artery disease (32,33). Our study 
supports these results and suggests the possible association 
of EATT with subclinical atherosclerosis. Although BMI, WC 
and hip circumference, fasting glucose and insulin levels, 
HOMA-IR, HDL-Cho, TG levels, LV thickness, LVMI, MPI 
and carotid IMT were the correlates of EATT in our study 
population, EATT was the only independent variable that 
was significantly associated with carotid IMT in multivariate 
logistic regression analysis. 

Magnetic resonance imaging (MRI) and computed 
tomography (CT) are more precise methods for quantifying 
visceral adiposity and EATT; however, these modalities are 
relatively more expensive than echocardiography. In addition, 
the radiation risk of CT limits its use as a screening tool. On 
the other hand, compared to CT and MRI, echocardiography 
is simple, rapid, safe, and low cost. The visceral fat thickness 
measured by ultrasonography is associated with increased 
carotid IMT in diabetic patients with normal WC values (34). 
Liu et al (35) demonstrated that mesenteric fat thickness was 
an independent determinant of MS and identified subjects 
with increased carotid IMT Nelson et al (36) found that EATT 
>5.0 mm could identify an individual having detectable carotid 
atherosclerosis with a higher likelihood. Similarly, we observed 
that EATT measured by transthoracic echocardiography 
reflects the carotid IMT, which in turn, can help identify MS 
patients with subclinical atherosclerosis. Atherosclerosis has 
a long asymptomatic phase, and early treatment can reduce 
the risk of coronary events or stroke. The findings from our 
study suggested that EATT could be a more reliable indicator 
of subclinical atherosclerosis than other parameters such as 
WC in patients with MS. The EATT, which is easily measured 
during routine echocardiographic examination, can help select 
patients with MS who may benefit from advanced diagnostic 
studies and aggressive lifestyle changes. 

The cardiac structural changes in obesity such as 
increased LV mass or systolic and diastolic dysfunction 
have already been supported by previous data (37,38). 
EATT could be a marker of cardiac adiposity and obesity; 
therefore, it could play an important role in obesity-related 
LV abnormalities. EATT was also found to correlated with 
LVMI, systolic and diastolic function in obese adolescents 
with MS. The close anatomical and functional relationship of 
EATT with the adjacent myocardium could lead to local and 
paracrine interactions between these tissues (39). MPI is a 
new echocardiographic parameter that correlates well with 
invasive measurements and can be used to evaluate both 
systolic and diastolic functions (40). In our study, we showed 
for the first time that echocardiographic measurements of 



EATT significantly correlated with LVMI and systolic and 
diastolic function in obese adolescent with MS. 

In conclusion, the present study has shown that the 
measurement EATT by transthoracic echocardiography had a 
strong correlation with the carotid IMT, a surrogate marker 
of subclinical atherosclerosis, and could be considered 
a better index than WC in obese patients with MS. The 
echocardiographic assessment of epicardial fat may have the 
potential to be a simple marker for diagnosis of subclinical 
atherosclerosis and assessment of increased cardiovascular 
risk in patients with MS. Future research is necessary on 
larger series with accurate measurements of epicardial fat 
volume. Finally, it is also important to measure the adipokines 
to find a causal link between EATT and carotid IMT in patients 
with MS. 

References 

1. Cruz ML, Goran Ml. The metabolic syndrome in children and 
adolescents. Curr Diab Rep 2004;4:53-62. 

2. Zimmet f? Alberti G, Kaufman F, Tajima N, Silink M, Arslanian 
S, Wong G, Bennett P Shaw J, Caprio S; International Diabetes 
Federation Task Force on Epidemiology and Prevention 
of Diabetes. Federation Task Force on Epidemiology and 
Prevention of Diabetes. The metabolic syndrome in children and 
adolescents. Lancet 2007;369:2059-2061 . 

3. Ahluwalia N, Drouet L, Ruidavets JB, Perret B, Amar J, Boccalon 
H, Hanaire-Broutin H, Ferrieres J.Metabolic syndrome is 
associated withmarkers of subclinical atherosclerosis in a French 
population-based sample. Atherosclerosis 2006;186:345-353. 
Epub 2005 Aug 29 

4. Iglseder B, Cip P Malaimare L, Ladurner G, Paulweber B.The 
metabolic syndrome is a stronger risk factor for early carotid 
atherosclerosis in women than in men. Stroke 2005;36:1212- 
1217. Epub 2005 May 12 

5. Zanchetti A, Hennig M, Baurecht H, Tang R, Cuspidi C, Carugo S, 
Mancia G. Prevalence and incidence of the metabolic syndrome 
in the European Lacidipine Study on Atherosclerosis (ELSA) and 
its relation with carotid intima-media thickness. J Hypertens 
2007;25:2463-2470. 

6. Gastaldelli A, Basta G: Ectopic fat and cardiovascular disease: 
What is the link? Nutr Metab Cardiovasc Dis 2010;20:481-490. 

7. lacobellis G, Barbara G. The double role of epicardial adipose 
tissue as pro- and anti-inflammatory organ. Horm Metab Res 
2008;40:442-445. Epub 2008 Mar 13. 

8. lacobellis G, Corradi D, Sharma AM Epicardial adipose tissue: 
Anatomic, biomolecular and clinical relationship with the heart. 
Nat Clin Pract Cardivasc Med 2005;2:536-543. 

9. lacobellis G, Leonetti F. Epicardial adipose tissue and insulin 
resistance in obese subjects. J Clin Endocrinol Metab 
2005;90:6300-6302. Epub 2005 Aug 9 

10. Chinali M, Devereux RB, Howard BV, Roman MJ, Bella JN, Liu 
JE, Resnick HE, Lee ET Best LG, de Simone G. Comparison 
of cardiac structure and function in American Indians with and 
without the metabolic syndrome (the Strong Heart Study). Am 
J Cardiol 2004;93:40-44. 

1 1 . Voulgari C, Moyssakis I, Papazafiropoulou A, Perrea D, Kyriaki 
D Katsilambros N, Tentolouris N. The impact of metabolic 
syndrome on left ventricular myocardial performance. Diabetes 
Metab Res Rev 2010;26:121-1 27. 

12. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a 
standard definition for child overweight and obesity worldwide: 
international survey. BMJ 2000;320:1240-1243. 



162 



Akyol B et al. 

Epicardial Adipose Tissue and Metabolic Syndrome 



13. Hatipoglu N, Ozturk A, Mazicioglu MM, Kurtoglu S, Seyhan S, 
Lokoglu F Waist circumference percentiles for 7- to 1 7-year-old 
Turkish children and adolescents. Eur J Pediatr 2008; 167:383- 
389. Epub 2007 May 9. 

14. National High Blood Pressure Education Program Working 
Group on High Blood Pressure in Children and Adolescents. 
The fourth report on the diagnosis, evaluation, and treatment 
of high blood pressure in children and adolescents. Pediatrics 
2004;114(Suppl 2):555-576. 

15. Conwell LS, Trost SG, Brown WJ, Batch JA. Indexes of insulin 
resistance and secretion in obese children and adolescents: a 
validation study. Diabetes Care 2004;27:314-319. 

16. Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C 
Homeostasis model assessment is more reliable than the 
fasting glucose/insulin ratio and quantitative insulin sensitivity 
check index for assessing insulin resistance among obese 
children and adolescents. Pediatrics 2005;1 15:500-503. 

17.Sahn DJ, De Maria A, Kisslo J, Weyman A. Recommendations 
regarding quantitation in M-mode echocardiography: results of 
a survey of echocardiographic measurements. Circulation 1978; 
58:1072-1083. 

18. de Simone G, Devereux RB, Wallerson DC. Echocardiographic 
assessment of left ventricular hypertrophy in rats using a 
simplified approach. Am J Hypertens 1994;7:555-558 

19. lacobellis G, Assael F Ribaudo MC, Zappaterreno A, Alessi G, 
Di Mario U, Leonetti F Epicardial fat from echocardiography: a 
new method for visceral adipose tissue prediction. Obes Res 
2003;11:304-310. 

20. lacobellis G, Ribaudo MC, Assael F Vecci E, Tiberti C, Zappaterreno 
A, Di Mario U, Leonetti F Echocardiographic epicardial adipose 
tissue is related to anthropometric and clinical parameters of 
metabolic syndrome: a new indicator of cardiovascular risk. J 
Clin Endocrinol Metab 2003;88:5163-5168. 

21. Tounian P Aggoun Y Dubern B, Varille V Guy-Grand B, Sidi D, 
Girardet JP Bonnet D. Presence of increased stiffness of the 
common carotid artery and endothelial dysfunction in severely 
obese children: a prospective study. Lancet 2001 ;358:1400- 
1404. 

22. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco 
P Bornstein N, Csiba L, Desvarieux M, Ebrahim S, Fatar M, 
Hernandez Hernandez R, Jaff M, Kownator S, Prati P Rundek 
T, Sitzer M, Schminke U, Tardif JC, Taylor A, Vicaut E, Woo KS, 
Zannad F Zureik M. Mannheim carotid intima-media thickness 
consensus (2004-2006). Cerebrovasc Dis 2007;23:75-80. Epub 
2006 Nov 14 

23. Savva SC, Tornaritis M, Sawa ME, Kourides Y Panagi A, 
Silikiotou N, Georgiou C, Kafatos A. Waist circumference and 
waist-to-height ratio are better predictors of cardiovascular 
disease risk factors in children than body mass index. Int J Obes 
Relat Metab Disord 2000;24:1453-1458. 

24. Abaci A, Tascilar ME, Saritas T, Yozgat Y Yesilkaya E, Kilic A, 
Okutan V Lenk MK. Threshold value of subepicardial adipose 
tissue to detect insulin resistance in obese children. Int J Obes 
2009;33:440-446. 

25. Lanes R, Soros A, Flores K, Gunczler P Carrillo E, Bandel J. 
Endothelial function, carotid artery intima-media thickness, 
epicardial adipose tissue and left ventricular mass and function 
in growth hormone-deficient adolescents: apparent effects 
of growth hormone treatment on these parameters. J Clin 
Endocrinol Metab 2005;90:3978-3982. Epub 2005 May 3 

26. Mazur A, Osta ski M, Telega G, Malecka-Tendera E. Is epicardial 
fat tissue a marker of metabolic syndrome in obese children? 
Atherosclerosis 201 0;21 1 :596-600. Epub 201 0 Mar 4 



27. Ahn SG, Lim HS, Joe DY Kang SJ, Choi BJ, Choi SY Yoon MH, 
Hwang GS, Tahk SJ, Shin JH. Relationship of epicardial adipose 
tissue by echocardiography to coronary artery disease. Heart 
2008;94:7-13. 

28. Okyay K, Balcioglu ASA, Tavil Y Yacoy G, Torkoglu S, Abaci 
A. A relationship between echocardiographic subepicardial 
adipose tissue and metabolic syndrome. Int J Cardiac Imaging 
2008;24:577-583. Epub 2008 Jan 26 

29. lacobellis G, Pistilli D, Gucciardo M, Leonetti F Miraldi F 
Brancaccio G, Gallo P di Gioia CR. Adiponectin expression in 
human epicardial adipose tissue in vivo is lower in patients with 
coronary artery disease. Cytokine 2005;29:251-255. 

30. Aydin H, Toprak A, Deyneli O, Yazici D, Tarcin O, Sancak S, 
Yavuz D, Akalin S. Epicardial fat tissue thickness correlates with 
endothelial dysfunction and other cardiovascular risk factors in 
patients with metabolic syndrome. Metab Syndr Relat Disord 
2010;8:229-234. 

31 . Natale F Tedesco MA, Mocerino R, de Simone V Di Marco 
GM, Aronne L, Credendino M, Siniscalchi C, Calabro P 
Cotrufo M, Calabro R. Visceral adiposity and arterial stiffness: 
Echocardiographic epicardial fat thickness reflects, better 
than waist circumference, carotid arterial stiffness in a large 
population of hypertensives. Eur J Echocardiogr 2009;1 0:549- 
555. Epub 2009 Feb 1 0 

32. Eroglu S, Sade LE, Yildirir A, Bal U, Ozbicer S, Ozgul AS, Bozbas 
H, Aydinalp A, Muderrisoglu H. Epicardial adipose tissue 
thickness by echocardiography is a marker for the presence and 
severity of coronary artery disease. Nutr Metab Cardiovasc Dis 
2009;19:211-217. Epub 2008 Aug 20 

33. Alexopoulos N, McLean DS, Janik M, Arepalli CD, Stillman AE, 
Raggi PEpicardial adipose tissue and coronary artery plaque 
characteristics. Atherosclerosis 2010;210:150-154. Epub 2009 
Nov 20 

34. Kim SK, Park SW, Kim SH, Cha BS, Lee HQ Cho YW. Visceral fat 
amount is associated with carotid atherosclerosis even in type 
2 diabetic men with a normal waist circumference. Int J Obes 
Lond 2009;33:131-1 35. 

35. Liu KH, Chan YL, Chan WB, Chan JC, Chu CW. Mesenteric 
fat thickness is an independent determinant of metabolic 
syndrome and identifies subjects with increased carotid 
intima-media thickness. Diabetes Care 2006;29:379-384. 

36. Nelson MR, Mookadam F Thota V Emani U, Al Harthi M, 
Lester SJ, Cha S, Stepanek J, Hurst RT Epicardial fat: An 
additional measurement for subclinical atherosclerosis and 
cardiovascular risk stratification? J Am Soc Echocardiogr 
201 1 ;24:339-345. Epub 201 0 Dec 24 

37. Laaban JP Pascal-Sebaoun S, Bloch E, Orvoen-Frija E, 
Oppert JM, Huchon G. Left ventricular systolic dysfunction 
in patients with obstructive sleep apnea syndrome. Chest 
2002;122:1133-1138. 

38. Wong CY O'Moore-Sullivan T, Leano R, Byrne N, Beller 
E, Marwick TH. Alterations of left ventricular myocardial 
characteristics associated with obesity. Circulation 
2004;110:3081-3087. Epub 2004 Nov 1.39. lacobellis G, 
Pond CM, Sharma AM. Different "weight" of cardiac and 
general adiposity in predicting left ventricle morphology. 
Obesity Silver Spring 2006;14:1679-1 684. 

40. Tei C, Ling LH, Hodge DO, Bailey KR, Oh JK, Rodeheffer RJ, 
Tajik AJ, Seward JB. New index of combined systolic and 
diastolic myocardial performance: a simple and reproducible 
measure of cardiac function-a study in normals and dilated 
cardiomyopathy. J Cardiol 1995;26:357-366. 



163 



